Interpolation and fitting the data to produce the interpolating curves or fitting curves are important in Oil and Gas (O&G) industry. Data interpolation is useful for scientific visualization for data interpretation. One of the efficient methods for data interpolation is cubic spline function. In this paper two types of cubic spline will be used for data interpolation. The first one is cubic spline interpolation with 2 C continuity. Meanwhile the second spline is Piecewise Cubic Hermite Spline (PCHIP) with 1 C continuity. Numerical comparison between both cubic splines and linear splines will be discussed in details. From all numerical results, it was indicated that cubic spline gives good results.
I. INTRODUCTION
Data fitting, data approximation and data interpolation are important in visualization of the data that may be obtained from numerical experiment or data collection from well drilling, petroleum etc. Karim and Yahya [1] has discussed in details the used of cubic spline smoothing for oil and gas data interpretation. The Seabed Loging Data (SBL) is used for their purposed. From the results, they concluded that cubic splines smoothing gives quite impressive results. The common method for data interpolation is a cubic spline function. There exist many types of spline basis function with respective degrees and its respective knots. But from literature, the most suitable spline for many applications is cubic splines interpolation. One of the main reasons why cubic spline is the most utilizing basis function for data interpolation is that it is the lower degree splines that can achieve the 2 C continuity [2 -9] . Besides the used of cubic spline interpolation there exist another cubic spline called as PCHIP but is only has 1 C continuity and usually data that being interpolated by PCHIP is overshoot at certain interval [2, 8, 9] . This unwanted overshoot is not visual pleasing and may remove the important characteristics of the data. Furthermore PCHIP is suitable for interpolation data that is monotone [2] . In general the data obtained in Oil and Gas industry is not monotonic and there exists thousands data sets that need to be taking care by the engineers. This is where cubic spline interpolation provides a very good alternative to the existing methods such as linear regression and non-linear regression.
This paper is continuation from the work of Karim and Yahya [1] . The main different is that in this paper both cubic splines interpolation and PCHIP will be used to interpolate the given data sets, meanwhile in [1] the cubic smoothing spline and PCHIP are used for SBL data fitting (smoothing) and data interpolation. Furthermore an error analysis for data interpolation by using cubic spline interpolation and PCHIP also will be discussed in details. This paper is organized by four sections which are described as follows. First Section is about the introduction of data interpolation method used to interpolate oil and gas data. Second section describes the detail of the theory of cubic splines interpolation as well PCHIP. Data collection and experimental setup are discussed in details through Section 3.Fourth Section describes the numerical results obtained by using cubic spline and PCHIP for Petroleum Engineering data interpolation. Section 5 discusses the error analysis by using three different true functions. Conclusions and some future researchs recommendation will be discussed in the final section.
If the grid points are equally spaced with 
The tri-diagonal linear equations in (7) and (8) can be solved efficiently by using Gauss-Seidel iteration or LU decomposition or Thomas algorithm. Below is example for cubic spline interpolation by using car acceleration data.
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Example 1: Car accelerating data Table 1 . Car Accelerating
Here we apply cubic spline interpolation on [2, 3] , [3, 4] and [4, 5] . Thus we have three (3) piecewise cubic spline interpolation that satisfies condition (2) until (6) 
(10) Figure 1 shows the cubic spline interpolation for data listed in Table 1 above. Cubic spline interpolation for petroleum engineering data 5087
PCHIP
PCHIP is initiated by Fristch and Carlson [8] and later these methods have been extended by Fristch and Butland [9] for local control of the interpolating curves. PCHIP functions can be defined as follows: For
px is a cubic polynomial which can be represented as follows: 
PCHIP have been used for monotonicity-, positivity-and convexity-preserving data interpolation by Fristch and Carlson [8] and Fristch and Butland [9] . They derived the sufficient and necessary condition for the PCHIP to be monotonic on entire given interval of data that to be interpolated.
Original cubic Hermite spline cannot guarantee to preserves the shape of the given data. Thus PCHIP will guarantee to preserves the shape of the given data with 1 C continuity.
Examples of Cubic Spline Interpolation and PCHIP
To show the different between interpolating the given data sets by using (a) cubic spline and (b) PCHIP, we use the famous data sets taken from Fristch and Carlson [8] given in Table 2 . This data is coming from LLL radiochemical calculation. Clearly PCHIP preserves the geometric shape of the data e.g. monotonicity. But from Figure 3 , the interpolation curves are overshoot and not very visual pleasing. Even though cubic spline interpolates the given data without preserving the monotonicity of the given data, the final interpolating is very smooth and in the cases where the geometric shape of the data is not a criterion in interpreting the oil and gas data, so cubic spline is more suitable compare to PCHIP. More details on comparison between cubic spline interpolation and PCHIP can be found in the forthcoming monograph by Karim [2] .
DATA COLLECTION AND EXPERIMENTAL SETUP
Nowadays, drilling become more challenges day by day. One of the technologies that have been introduced to improve drilling operation is casing while drilling technique. This technique is using casing to drill the well instead of the drill pipe that usually use in conventional drilling. Thus, it will save the time and cost from the tripping time. Recently, casing drilling can only be used in shallow depth and soft formations. Because high stress caused by the hard formation will lead the damage of the casing. So, design of the casing need to be analyzed carefully to give the best drilling performance. Data that has been collected for this report are measured depth, rate of penetration (ROP), and drilling fluid flow and pump pressure. All of the data are importance because its need to be accurate during the planning to aim for a successful drilling operation. The size of the casing is 9-5/8 in and the depth of the well that has been drilled by this technique is about 3401 ft. Now we arrived at the main objective of the paper to use cubic spline interpolation and PCHIP for Petroleum Engineering data. The comparison between both spline also will be discussed in details.
NUMERICAL RESULTS AND DISCUSSION
In this section, we will discuss the application of cubic spline interpolation and PCHIP to interpolate the Petroleum Engineering data. We discussed three examples ( 
Example 3: Measured Depth vs Torque
Torque measurement is important in drilling because too much torque will leads to the inability to reach the target. 
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Example 4: Measured Depth vs Pump Pressure
Pump is used to pump the drilling fluid into the well while drilling. Pump pressure can determined the pressure inside the well. It needs to be measured accurately to avoid any problem such as gas kick or blowout happened. The following algorithm can be used for data interpolation by using PCHIP and cubic spline interpolation. 
Data interpolation algorithm
ERROR ANALYSIS
In this section we will discuss the error analysis for both splines; cubic spline interpolation and PCHIP. We use three data sets taken from true function   Table 3, Table 4 and Table 5 summarized the error analysis for data interpolation by using PCHIP (   N is a total number of data. Table 3 . Error for   
CONCLUSIONS
This paper discussed the use of cubic spline interpolation and PCHIP for Petroleum Engineering (PE) data interpolation. The main different between both cubic spline is their continuity. From the numerical results, we can be concluded that there is trade-off between the order of continuity and the shape of the final interpolating curves. Cubic spline interpolation gives much more smooth interpolating curves compare to the interpolating curves by using PCHIP. The interpolating curves by using PCHIP tend to overshoot on certain given interval. This fact can be explained through their continuity as well as PCHIP tend to modify the first derivative in order to preserves the shape of the given data. Overall both cubic spline works well for all tested data sets. Error analyses by using PCHIP and cubic spline for data interpolation also have been discussed in details. The author is in the final stages to proposed new ways to compute the first derivative values. Any such a finding will be published in our forthcoming paper. We will report the related findings in our forthcoming papers. 
